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ABSTRACT 

We examine halo gas cross sections and covering fractions, fc, of intermediate redshift Mgll absorption 
selected galaxies. We computed statistical absorber halo radii, R^, using current values of dN/ dz and Schechter 
luminosity function parameters, and have compared these values to the distribution of impact parameters and 
luminosities from a sample of 37 galaxies. For equivalent widths Wr(2796) > 0.3 A, we find 43 < /?x < 88 kpc, 
depending on the lower luminosity cutoff and the slope, /3, of the Holmberg-like luminosity scaling, R oc . 
The observed distribution of impact parameters, D, are such that several absorbing galaxies lie at D > /?x and 
several non-absorbing galaxies lie at D < R,^. We deduced fc must be less than unity and obtain a mean of 
{fc) ^ 0.5 for our sample. Moreover, the data suggest halo radii of Mgll absorbing galaxies do not follow 
a luminosity scaling with [3 in the range of 0.2-0.28, if = 1 as previously reported. However, provided 
fc ~ 0.5, we find that halo radii can remain consistent with a Holmberg-like luminosity relation with (3 ~ 0.2 
and R^, = R,^/ ^ff. ^110 kpc. No luminosity scaling (/3 = 0) is also consistent with the observed distribution 
of impact parameters if fc < 0.37. The data support a scenario in which gaseous halos are patchy and likely 
have non-symmetric geometric distributions about the galaxies. We suggest halo gas distributions may not be 
govern primarily by galaxy mass/luminosity but also by stochastic processes local to the galaxy. 

Subject headings: galaxies: halos — quasars: absorption lines 



1. INTRODUCTION 

Understanding galaxy formation and evolution is one of the 
most important topics of modern astronomy. The extended 
distribution of baryonic gas surrounding galaxies holds great 
potential for constraining theories of their formation. How- 
ever, the sizes of gaseous galaxy halos along with the dis- 
tribution of gas within are not well understood. Numerical 
models have been able to synthesize the formation and evolu- 
tion of large scale structures, however, there are unresolved is- 
sues regarding the evolution of individual galaxies and halos. 
The halo baryon-fraction problem (e.g.. iMo & M ao 2002|) 
and the rapid cooling of gas (e.g.. IWhite & Rees 1978) re- 
sult in galaxy halos which have little or no gas soon after they 
form. These effects are not seen in the observable universe 
since there is an abundance of galaxies where gas has been 
detected in halos via quasar absorption lines. 

From an observational standpoint, quasar absorption lines 
provides a unique means of probing the extent and abundance 
of halo gas. Although, quasar absorption line observations 
to date are sufficient the recognize the aforementioned prob- 
lems, they are lacking the detail required to statistically con- 
strain the distribution of the baryonic gas in the halos of sim- 
ulated galaxies. Cross-correlations between absorbers and 
galaxies hold the promise to yield useful information on cloud 
sizes and halo gas covering fractions. First steps towards in- 
corporating multi-phase gas in semi-analytical models and 
numerical simulations suggest that warm gas in halos ex- 
tends out to galactocentric distances of ^ 150 kpc with cloud 
covering fra ctions of - 0.25-0.6 (iMaller & BuUockl 120041: 
iKaufmann e t al. 2006). 
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The association of Mgll AA2796,2803 doublet 
absorption in quasar spectra with normal, bright, 
field galaxies h a s be en firmly established (e.g., 
Bergero n & Boisse! 1199^1 : |Steidel. Dickinson. & PerssonI 
1994t LChurchill. Kacprza ir&"Steide]| l2005h ~ In an effort to 
understand halo sizes and gas distributions, ISteidell (I1995L 
hereafter S95) searched for foreground galaxies associated 
with Mgll absorption within ^ 10" (^ 65 kpc for z = 0.5) 
of quasars^. The sample consisted of 53 absorbing and 14 
non-absorbing galaxies with a Mg II A2796 equivalent width 
sensitivity Hmit of W,-(2796) > 0.3 A. S95 directly fitted the 
data by assuming a Holmberg-like luminosity scaling. 



(1) 



R(L) = R,[ — ] kpc, 



3122, 



and minimizing the number of non-absorbing and absorb- 
ing galaxies above and below the R{L) relation. The best 
fit obtained clearly showed that absorbing and non-absorbing 
galaxies could be separated and that the halo radii R{Lk) and 
R{Lb) scale with luminosity with /? = 0.15 and j3 = 0.2, re- 
spectively, where an galaxy has a gas halo cross section 
of R^ = 55 kpc. Furthermore, since almost none of the ab- 
sorbing galaxies were observed above the R{L) boundary and 
that almost none of the non-absorbing galaxies were observed 
below the R{L) boundary, S95 inferred that all L > 0.05L* 
galaxies are hosts to Mgll absorbing gas halos character- 
ized by a covering fraction of unity and a spherical geome- 
try which truncates at RiL). Examination of this now "stan- 
dard model" has been the subject of several theoretical stud- 
ies (e .g., Charlton & Churchill 1996; Mo & Miralda-Escudi 

'1996; Lin & Zou 200^ 

.Guillemin & BergeronI (Il997h determined a steeper value of 
/3 = 0.28 for the B-band luminosity obtained from a best fit to 

^ Throughout we adopt a /i = 0.70, fim = 0.3, f2A = 0.7 cosmology. All 
quoted physical quantities from previously published works have been con- 
verted to this cosmology. 
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the upper envelope of the distribution of impact parameters of 
26 absorbing galaxies. They found 7?» = 67 kpc. 

Using a reverse approach of establishing foreground galaxy 
redshifts and then searching for Mg II absorption in the spec- 
tra of background quasars yields results inconsistent with a 
covering fraction of unity. For example, iBowen et al.l (Il995h 
identified 17 low-redshift galaxies with background quasar 
probing an impact parameter range between 3-162 kpc. 
Galaxies that were probed at impact parameters greater than 
13 kpc had no absorption in the halo (W,(2796) > 0.40- 
0.9 A), however, four of the six galaxies within 13 kpc of 
the halo produ ced Mgll absorption. For i ntermediate red- 
shift galaxies, Bechtold & EUingsonl (Il992h reported a cov- 
ering fraction /, ~ 0.25 for W,( 2796) > 0.26 A for e ight 
galaxies with D < 85 kpc. Also, iTripp & Bowed (|2005|) re- 
ported fc - 0.5 for W,(2796) > 0.15 A for ~ 20 galaxies with 
D < 50 kpc. These results are also consisten t with the find- 
ings of IChurchill. Kacprzak. & Steidell (12005 ) who reported 
very weak Mgll absorption, Wr(2796) < 0.3 A, well inside 
the R(L) boundary of bright galaxies; these galaxies would 
be classified as "non-absorbers" in previous surveys. They 
also report W, (2796) > 1 A absorption out to ~ 2R{L). All 
these results suggest that there are departures from the stan- 
dard model, that the covering fraction of Mg II absorbing gas 
is less than unity, and that the halo sizes and the distribution of 
the gas appear to diverge from the R(L) relation with spherical 
geometry. 

Another approach to understanding halo sizes and gas dis- 
tributions is to determine the statistical properties of Mgll ab- 
sorbing gas and then compute the statisti cal cross section from 
the redshift path density, dN/dz (see Lanzetta et al. Ml995h . 
The downfall of this method is that a galaxy luminos ity func- 
tion m ust be adopted in order to estimate iNestor et alj 
(l2005h acquired a sample of over 1300 Mgll absorption sys- 
tems, with W,-(2796) > 0.3 A from the Sloan Digital Sky 
Survey (SDSS). Using the /T-band Holmberg-li ke luminos- 
ity sc aling and luminosity function of MUNICS ( Drory et"an 
l2003h . Nestor et al. computed = 60-100 kpc for adopted 
minimum luminosity cutoffs of = 0.001 -0.25L*. They 
found no redshift evolution of R^, over the explored range of 
0.3 < z< 1.2. 

Zibe tti et"an (|2007|) studied the statistical photometric prop- 
erties of ^ 2800 Mgll absorbers in quasar fields imaged 
with SDSS. Using the method of image stacking, they de- 
tected low-level surface brightness (SB) azimuthally about 
the quasar. The SB profiles follow a decreasing power law 
with projected distance away from the quasar out to 100- 
200 kpc. These results imply that absorption selected galax- 
ies may reside out to projected distances of 200 kpc. How- 
ever, it is worth noting that the extended light profiles may be 
an artifact of clustering of galaxies. Cluster companions of 
the Mg II absorbing galaxies could extend the observed light 
profile over hundreds of stacked images. Thus, one would 
infer that Mg II absorbing galaxies are present at a larger im- 
pact parameters than would be found in direct observation of 
individual galaxies. 

Motivated by recent expectations from simulations that halo 
gas is dynamically complex and sensitive to the physics of 
galaxy formation, we investigate the standard halo model of 
Mgll absorbers. We also aim to provide updated constraints 
on fc and f3 for galaxy formation simulations. In this paper, 
we demonstrate that fc < 1 and question the validity of the 
Hoknberg-like luminosity scaling (Eq. [ij. Using high reso- 



lution quasar spectra, we explore Mg II absorption strengths 
to an order of magnitude more sensitive than previous sur- 
veys which allow us to re-identify non-absorbing galaxies as 
"weak" absorbing galaxies. In § |2] we describe our sample 
and analysis. In §[3] we present new calculations of the sta- 
tistical absorber radius computed using the statistically mea- 
sured absorption path density dN/dz and the Schechter lumi- 
nosity function. We then compare these values to the empiri- 
cal results of S95 and to a sample of known Mg II absorption 
selected galaxies with measured luminosities and impact pa- 
rameters. We also examine how individual halos behave with 
respect to the statistical halo. In §|4l we discuss the properties 
and distribution of gas in halos. Our concluding remarks are 
in§|5] 

2. DATA AND ANALYSIS 

We have constructed a sample of 37 galaxies (0.3 < 
z < 1.0), with spectroscopically confirmed redshifts, se- 
lected by the presence of Mg II absorption in quasar spectra. 
The abs orption properties were measure d from H IRES/Keck 
(IVogt et al. 1994) and UVES/VLT ( DekkereLalJlIOOO) spec- 
tra. The Mgll A2 796 profil es ha ve been presented in 
IChurchill. Kacprzak. & Steideli ( l2005h . where the detection 
limit is Wr(2796) > 0.02 A (5 a). Galaxy properties were 
measured from F702W or F814W WFPC-2/HST images of 
the quasar fields. Images of the galaxies, along with further 
details o f the sample sele ction, data, and data analysis, can be 
found in lKacprzak et al.l (12007 a) . 

Galaxy absolute magnitudes, Mg, were determined from 
the A:-corrected observ ed mfjo2w or mfs\4w adopted from 
iKacprzak et alj (l2007ah . The ^-corrections w ere computed 
using the formalism of iKim. Goobar. & Perlmutteii ( 119961) 
b ased upon the spectr al energy distribution (SED) templates 
of lKinney et alJ(ll996l) . The adopted SED for each galaxy was 
based upon its rest-frame B-K color (SDP94). For galax- 
ies with no color information, we adopted a Sb SED which 
is consisten t with ave rage color of Mg II absorbing galaxies 
(SDP94: . Zibetti et al.li2007) . Our ^--corrections are consistent 
with those from the literature (|Kim. Goobar. & Perlmutteii 
Il996t iFukugita. Shimasaku. & Ichikawalll995 '). g-band lu- 
minosities were c omputed using the DEEP2 optimal M| of 
iFaber et al] (l2007l . Table 2) in the redshift bin appropriate for 
each galaxy. ranges from -21.07 ((z) = 0.3) to -21.54 
((z) = l.l). 

We compute the halo gas cross section determined from the 
redshift path density, 

dN , c (l+zf 



■■7TRi-^*T{x,y)- 



(2) 



dz Ho y/nui+z^+nA 

where R^ is the statistical absorber radius for an L* galaxy, 
and $* is the number density of L* galaxies. R^ = fcRl, 
where is the covering fraction corrected absorbing halo ra- 
dius. Note here that we make a distinction between R^, which 
is derived from the redshift path density, and R^,, which is a 
physical cross section of the absorbing gas accounting for the 
covering fraction. r{x,y) is the incomplete Gamma function 
in which x = 2f3-a+l, where a is the faint-end slope of the 
Schechter galaxy luminosity function and (3 parameterizes a 
Holmberg-like luminosity scaling of Eq. [T] The parameter 
y = L„,j„/L* , where L,„,„ is the minimum luminosity of galax- 
ies contributing to absorption. The influence of y on the value 
of R^ becomes relatively more important as /3 ^ 0. 

We present our sample in Figure[TJj, plotting W, (2796) ver- 
sus Lb/LI. The soHd points have W,.(2796) > 0.3 A and the 
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open points are weak systems jChurchill et alj [r999h . hav- 
ing Wr(2796) < 0.3 A, and would have been classified as 
non-absorb ing galaxie s in p revious surveys (e.g., SDP94; 
lGuillemiir& Bergerorilll99"7b . Since is computed using 
dN/dz which is determined for systems with Wr{2196) > 
0.3 A, we must consider these "weak" systems as "non- 
absorbing" galaxies in order to be consistent with our com- 
parisons for the remainder of this paper. In Figure (TJi note 
that both absorbing and non-absorbing galaxies span the same 
luminosity range. 

3. RESULTS 

Applying Eq.|2] we computed the statistical absorption ra- 
dius, R^, for W,(2796) > 0.3 A employing the most current 
Schechter luminosity function parameters and a bsorber red- 
shift path density. We adopted dN/dz = 0.8 (Nestor et al.' 
20051) . a = 1.3, and = 3.14 x 10"^ Gal Mpc"^ (Faber et al. 
2007) for the (z) = 0.5 redshift bin, where the mean redshift 



Fig. 1 .— (a) 1^^(2796) vereus Lb/L*. Filled circles have Wr(2796) > 0.3 A and the open circles have Wr(2796) < 0.3 A. — (b) The impact parameter, D, 
versus Lb /Lg . The dash-dot line is the halo luminosity scaling given by Eq.Hfor the results of S95 (R, = 55 kpc, = 1, /3 = 0.2). The dash-dash line is the halo 
luminosity scaling given by Eq.[T]for our result = 88 kpc), assuming fc = I, (3 = 0.2. 

is not necessarily inconsistent with S95, who found two of 14 
non-absorbing galaxies below the R{L) boundary. However, 
we find 16 W, (2796) > 0.3 A absorbers that are outside the 
R(L) boundary by as much as 60 kpc. In the standard halo 
model, galaxies above the R(L) boundary are expected to not 
be associated with Wr(2796) > 0.3 A absorption. The dash- 
dash line is the halo radius, R{L), from Eq.[T]using the param- 
eters /?x = 88 kpc, /c = 1, and jS = 0.2. We find that five of 
the eight non-absorbing galaxies lie below the R{L) bound- 
ary. These five galaxies are expected to be strong absorbing 
galaxies if they obey the R(L) relation. Also, there are three 
absorbing galaxies above the R{L) boundary. 

From Figure (TJ) it would appear that the value of f3 is not 
constrained for the B-band luminosities since non-absorbing 
galaxies are both above and below R{L) for both the = 
55 kpc deduced by S95 and our computed size of 7?x = 88 kpc. 
Assuming that there is no luminosity scaling, we explore halo 
cross sections with (3 = 0. In Figure we plot Wr(2796) 
versus D. The vertical line is the statistical absorber radius, 
R^ = 64 kpc (where D/R^ = 1), for /? = and y = 0.05. The top 
axis gives D/R^. Galaxies to the left of the line are consistent 
with the computed statistical absorber radius. Galaxies to the 
right of the line are inconsistent; if the standard halo model 
applies these particular galaxies must have halos with fc < I. 
We find five of 29 galaxies at D > R^. If we assume y = 0.01 
and /3 = 0, we obtain /?x = 43 kpc and find 16 galaxies reside 
at D > 7?x and that four non-absorbing galaxies are expected 
to have Wr(2796) > 0.3 A absorption. Note that R^ is very 
sensitive to the choice of the luminosity cutoff when f3 = 0. 
Larger f3 suppresses the faint end slope in Eq.|2l reducing the 
cross sectional contribution of the lowest luminosity galaxies 
that dominate by number. 

In FigurelSt, we plot Wr(2796) versus D/R(L). The dash- 
dash fine is D/R(L) = 1 for R^ = 88 kpc, /3 = 0.2 and y = 0.05. 
Again, three of 29 galaxies have D/R(L) > 1 and five non- 
absorbing galaxies have D/R(L) < 1. If we assume y = 0.01 
and /3 = 0.2, we obtain /?x = 72 kpc, which increments the 
number o f galaxies at D/R(L) > 1 to 7. If we apply /3 = 
0.28 from lGuillemin & Bergeronl(ll997h . then R^ increases to 
100 kpc (for y = 0.05) and only three absorbing galaxy lie 
above the R{L) boundary. The dash-dot line is the S95 result 
where D/R(L) = 1 foiR^, = 55 kpc. It is clear that there is a sig- 
nificant fraction of absorbing galaxies that are not well repre- 



of our sample is 0.58. Since the luminosity scaling is not nec- 
essarily constrained by our sample, we consider both f3 = 0.2 
and (3 = (i.e., no scaling) for y = 0.05 and y = 0.01. We ob- 
tained. 



R. 



fcR* 



64 kpc , 
43 kpc , 
88 kpc , 
72 kpc , 

By direct fitting of his sample, 
R^, = 55 kpc and inferred fc = l, I3 - 



(3) 



3; = 0.05, (3 = 
3; = 0.01, (3 = 
37 = 0.05, (3 = 0.2 
37 = 0.01, (3 = 0.2. 

S95 empmcally deduced 
= 0.2 and y = 0.05. Assum- 



ing fc = I, (3 = 0.2 and y = 0.05, we computed a statistical cov- 
ering fraction corrected absorber halo radius of = 88 kpc. 
The difference between the two values arises from the dif- 
ferent methods used to determine S95 applied a fit to a 
known sample of Mg II absorption selected galaxies, whereas, 
our values are directly computed from measured absorption 
and galaxy statistics. Assuming fc less than unity would in- 
crease our computed value of yielding a value even less 
consistent with that of S95. 

In Figure [U?, the projected quasar-galaxy separation, D, is 
plotted versus Ls/Lg. The mean impact parameter is (D) = 
53.2 kpc which is close to the S95 halo size. The dash-dot 
line is the halo radius, RiL), from Eq. [T] using R^ = 55 kpc, 
fc = 1, and P = 0.2 found by S95. Three non-absorbing galax- 
ies reside below the R{L) boundary and five reside above. This 
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Fig. 2. — (a) W,-(2796) as a function D (bottom axis) and D/Rx (top axis). The solid line represents Rx = 64 kpc for /3 = and for a luminosity cutoff of 0.05Lg 
— (b) Wr(2796) as a function of D /R(Lb). The dashed-dotted line represents =55 Icpc and the dash-dash represents i?x = 88 kpc using /3 = 0.2 and y = 0.05. 



sented by the standard halo model of S95, since it is expected 
that spherically symmetric gas halos with unity covering frac- 
tion would give rise to absorption exclusively at D/R(L) < 1. 

4. DISCUSSION 

Our sample of galaxies is not statistically complete, due to 
the chosen meth od of searching for galaxies selected b y Mg ii 
absorption (see iChurchill. Kacprzak. & Steidell 120051) . None 
the less, the data clearly support a covering fraction less than 
unity, based upon the deduced statistical absorber radius, R^, 
which is computed from the redshift path density of the full 
population of Mgll absorbers. 

As seen in Figures|2}j and|2}7, a substantial fraction of galax- 
ies are found at impact parameters well beyond the statistical 
absorber radius. The largest impact parameter in our sam- 
ple is Dnjax — 105 kpc. If we assume that the largest im- 
pact parameter is a proxy for the true size of the covering 
fraction corrected absorbing halo radius such that = D^ax 
then we can compute a luminosity function weighted cover- 
ing fraction where fc = wiifS ,y)(lQ5 / Rx)~~ ■ Assuming a lower 
galaxy luminosity cutoff of y = 0.05, we obtain = 0.37 for 
/3 = and fc = 0.37 for f3 = 0.2. Assuming a lower lumi- 
nosity cutoff of y = 0.01, we obtain fc = 0.17 for f3 = and 
fc = 0.17 for (3 = 0.2. These results are summerized in Ta- 
ble 1. Now with fc < 1, the presence of eight non-absorbing 
galaxies within the statistical halo radius, R(L), is consistent 
with R^ ~ 105 kpc for W,(2796) > 0.3 A. 

Using each galaxy from our sample, a conservative estimate 
of the covering fraction is the mean of the upper limit on fc = 
(D/R(L))~-. In a complete sample, each galaxy with D > R{L) 
makes a fractional contribution to reducing the gas covering 
fraction. Galaxies with D < R(L) provide no constraint. If 
our sample is representative of a complete sample, we obtain 
(fc) = 0.52 (y = 0.05, /? = 0), (fc) = 0.79 (y = 0.05, /? = 0.2), 
(/c) = 0.58 (y = 0.01 , /5 = 0), and (/,) = 0.63 (y = 0.01 , /3 = 0.2). 

If we assume R^, = 55 kpc of S95 is the true halo size we can 
also compute the covering fractions such that fc = (Rx/R*)~^- 
We obtain = 0.40 (y = 0.05 , /3 = 0.2), /, = 0.58, (y = 0.01 ,/3 = 
0.2),SLndfc = 0J4(y = 0.05,P = 0).R^>R^foTy = 0m,P = 
yields no constraint on fc. The results of the above computa- 
tions of the covering fractions are summarized in Table 1 . 

From all the methods of estimating fc, we obtain (fc) ^ 0.5 
with a range of 0.17 < /c < 0.80. This is co n sisten t with 
f^ = 0.7-0.8 deduced by ICharlton & Churchilll (fT996h from 



Monte Carlo simulations of Mg II absorption selected galaxy 
surveys. Our average f- is also consistent with the result 
of TriDP & Bowen (2005)'' w ho find fc ~ 0.55 and highe r 
than fc"^ 0.25 determ i ned b y iBechtold & EUingsonl (Il992l) . 
Also, IChurchill et alj (l2007h found a galaxy, probed well 
within the R(L) boundary, that exhibits no Mg II absorption to 
W,.(2796) < 7 mA. All these results suggest fc < 1 for Mgll 
absorbing gas with Wr(2796) > 0.3 A. Thus, non-absorbing 
galaxies below the predicted halo size are expected. 

Although the data do not clearly support a halo size- 
luminosity scaling, if we apply f. ~ 0.5 such that the cov- 
ering fraction corrected absorbing halo radius is R^ = 1.41/?x, 
a Holmberg-like luminosity relationship with f3 ~ 0.2 is not 
ruled out for both y = 0.05 and y = 0.01. We can further con- 
strain fc, and f3 with a maximum likelihood fit that sat- 
isfies the distribution of impact parameters and luminosities 
of our sample. In this analysis, R^ = ^/fcRx is a function of 
P as constrained by dN/dz- First, we assume that all ab- 
sorbing galaxies must reside below the R{L) boundary. For 
y = 0.05, we find an upper limit of fc < 0.4 for a range of 
0.02 < /3 < 0.24 with 105 < R^ < 150 kpc, respectively. For 
lower covering fractions, the allowed ranges of (3 and R^ in- 
crease. Fory = 0.01, we find/, < 0.2 for 0.04 < /3 < 0.66 with 
110 < /J* < 290 kpc, respectively . If we relax the condition 
such that one to three absorption selected galaxies may re- 
side above the R(L) boundary, which could account for errors 
in the luminosities and/or our finite sample, then the allowed 
ranges of fc, R^ and /? increase. For these cases with y = 0.05, 
we find an upper limit of fc < 0.7 for 0.18 </3 < 0.58 with 
80 < < 150 kpc, respectively. Thus, our sample is consis- 
tent with a Holmberg-like luminosity relationship in the case 
/. < 0.5. 

A central issue to this discussion is whether there is a 
fundamental physical difference between the halos of non- 
absorbing (weak) and absorbing galaxies or whether the dif- 
ference in Wr(2796) arise only from a chance intersection of 
the quasar line of sight through a single gas cloud or a gas 
cloud complex in these halos. Even if weak VVV (2796) < 0.3 A 
systems are similar to strong systems, and differ only by the 



^ ITripp & Bower] flOO^ have a Wr(2796) ~ 0.1 A (2a) detection limit 
which translates to a W,-(2796) ~ 0.25 A (5(t) detection limit as presented 
here. We have removed all absorbers with Wr(2796) < 0.25 A in order to 
compare our results at the same detection limit. 
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TABLE 1 
Halo Gas Convering Fractions 



No." 


fc 


y = 


0.05 




y = 


0.01 




/3 = 0, = 64 kpc 


13 = 


0.2, = 88 kpc 


/3 = 0, Rx = 43 kpc 


13 = 


0.2, Rx = 72 kpc 


L 


Wi(/3,y)(105/Rxr2 


0.37 




0.37 


0.17 




0.17 


2. 


{D/R(Lb))-^ 


0.52 




0.79 


0.58 




0.63 


3. 




0.74 




0.40 


. . . b 




0.58 




(fc) 


0.54 




0.52 


0.38 




0.46 



" The different methods for computed the covering fractions: 1) - The luminosity function weighted fc, assuming R» equal to 
the maximum impact parameter of Anax = 105 kpc. 2) - The average of the covering fractions for each galaxy was computed 
for galaxies with impact parameters greater then the statistical halo size. 3) - The statistical halo size is assumed to be 55 kpc 
(S95).'' Our sample of galaxies provide no constraint on the covering fraction fory = 0.01 and /3 = 0. 



number of clouds intersected along the quasar line of sight, 
our arguments for constraining the halo gas covering fraction 
for W,(2796) > 0.3 A still hold. 

Strong absorbers are typically characterized by a domi- 
nant and blended subsystem and accompanied by significantly 
weaker subsyst ems at relative velocities ranging from ^ 40 
to 100 km s"' jChurchill & V ogt 2001). In fact, there may 
be different physical processes governing the Wr(2796) dis- 
tribution of weak absorption associated with s trong absorbers 
and th e general population of weak absorbers. IChurchill et alj 
d 19991) determined that the number density of the gen- 
eral population of weak systems increase as Wr(2796) de- 
creases down to 0.02 A. Whereas, the Mgll equivalent width 
distribution of intermediate- and high-velocity subsystems 
in strong absorbers turns over below Wr (2796) ^ 0.08 A 
(IChurchill & Vodl2001l;lMshar et al.ll2007h . These facts sug- 
gest that lines of sight through galaxy halos often probe a 
dominant, more massive structure surrounded by smaller frag- 
ments of gas; a scenario consistent with patchy halos, in 
which some lines of sight near galaxies would be expected 
to probe only W, (2796) > 0.08 A weak absorption. 

There is also the possibility that some of the galaxies in 
our sample having redshifts consistent with those of the Mg II 
absorbers may not be the primary structure responsible for the 
absorption. In some cases there could be a faint unidentified 
galaxy located directly in front of the quasar that cannot be 
identified even with careful point-spread subtraction of the 
quasar (see Steidel et al. 1997). Thus, our estimated values of 
fc and R^, could be slightly skewed toward smaller and larger 
values, respectively. It is difficult to quantify this affect since 
such putative faint galaxies could actually be companions to 
the galaxies in our sample. 

5. CONCLUSIONS 

In conclusion, the gas covering fraction must be less than 
unity since the observed impact parameter distribution of ab- 
sorbing galaxies does not fall exclusively within the statisti- 
cal absorber halo radius in the range of 43 < R^ < 88 kpc. 
The fact that some absorbing galaxies are found at D > R^ 
and some non-absorbing galaxies are found at D < R^ im- 
plies fe < 1 and that the standard halo model cannot describe 
halos on a case by case basis. This highlights the power of 
using the statistics of absorption line surveys to constrain the 
properties of halos in relation to the measured distributions in 
absorption selected galaxy surveys. 

By quantifying how individual galaxy halos deviate from 
a "standard" halo, we have obtained an average gas covering 
fraction of (fc) ^ 0.5. It is possible that fc exhibits both a 



radial and an equivalent width dependence, though we can- 
not address this with our sample. Values of fc are likely 
to depend on galaxy star formation rates, and galaxy-galaxy 
mergers and harassment histories; processes that give rise to 
patchy and geometrically asymmetric gas distributions. Al- 
ternatively, the absorption properties of intermediate redshift 
halos may be governed by the dark matter ove r density, Ap/ p, 
and r edshifts at which the galaxies formed ( IChurchill et alj 
l2007h . 

Our results also show that, if fc < 1, the sizes of Mgll 
absorbing halos can still follow a Holmberg-like lumi- 
nosity relation with B in the range of 0.2 - 0.28 (S95; 
iGuiUemin & Bergeron! Il997h . which corresponds to ^ 
110 kpc. If /3 = is assumed, then f. < 0.37 for our sam- 
ple to be consistent with no luminosity scaling. In semi- 
analytical models in which Mgll absorbing gas is infalling 
and is pr essure confined within the cooling radius of hot ha- 
los (e.g ., 'Mo & Miralda-Escude"1996'; 'Burk ert & Liiil llOOOl; 



OnXMurray 2000; Mailer & Bullock 2004), a Holmberg- 
like luminosity relati on in quasa r absorption line systems nat- 
urally arises (iMo & Miralda-Escude 199 6). However, these 
models have great difficulty explaining Mgll absorption at 
impact parameters greater than ~ 70 kpc. If on the other hand 
halo gas spatial distributions are go verned by stochastic me - 
chanical processes, as suggested by iKacprzak et al.l (l2007al) . 
then there is no a priori reason to expect a clean halo-size lu- 
minosity scaling. It is likely that some combination of these 
scenarios contribute to the statistical values of fc and f3. Thus, 
it is reasonable to suggest that Mg II halos sizes may not be 
strictly coupled to the host galaxy luminosity. 

Further work on the cross-correlations between absorbers 
and galaxies would provide better estimates of fc and f3, two 
quantities that provide direct constraints of galaxy formation 
simulations. Also needed are additional constrains on the 
relativ e kinematics of the absorbi ng halo gas and galaxies 
(e.g., Steidel et al.ll2002; ElUson et al]|2003t IKacprzak et alj 
2007b). What is required is the development of tech- 
niques to quantitatively compare observational data with 
mock quasar absorption l ine analysis of simulated galaxy ha- 
los (IChurchill et al.ll2006l) . 
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